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Abstract
Background: In order to maintain cohesion of groups, social animals need to process social information efficiently. Visual
individual recognition, which is distinguished from mere visual discrimination, has been studied in only few mammalian
species. In addition, most previous studies used either a small number of subjects or a few various views as test stimuli.
Dairy cattle, as a domestic species allow the testing of a good sample size and provide a large variety of test stimuli due to
the morphological diversity of breeds. Hence cattle are a suitable model for studying individual visual recognition. This
study demonstrates that cattle display visual individual recognition and shows the effect of both familiarity and coat
diversity in discrimination.
Methodology/Principal Findings: We tested whether 8 Prim’Holstein heifers could recognize 2D-images of heads of one
cow (face, profiles, L views) from those of other cows. Experiments were based on a simultaneous discrimination paradigm
through instrumental conditioning using food rewards. In Experiment 1, all images represented familiar cows (belonging to
the same social group) from the Prim’Holstein breed. In Experiments 2, 3 and 4, images were from unfamiliar (unknown)
individuals either from the same breed or other breeds. All heifers displayed individual recognition of familiar and unfamiliar
individuals from their own breed. Subjects reached criterion sooner when recognizing a familiar individual than when
recognizing an unfamiliar one (Exp 1: 3.160.7 vs. Exp 2: 5.261.2 sessions; Z=1.99, N=8,P=0.046). In addition almost all
subjects recognized unknown individuals from different breeds, however with greater difficulty.
Conclusions/Significance: Our results demonstrated that cattle have efficient individual recognition based on
categorization capacities. Social familiarity improved their performance. The recognition of individuals with very different
coat characteristics from the subjects was the most difficult task. These results call for studies exploring the mechanisms
involved in face recognition allowing interspecies comparisons, including humans.
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Introduction
Individual recognition refers to a subset of recognition that
occurs when one organism identifies another one according to its
unique distinctive characteristics [1]. Individual recognition might
be achieved through several sensory modalities. It is assumed that
animals form mental representations of several common features
of conspecifics as well as of unique individual sets of features of
particular conspecifics [2]. For example in hamsters, Mesocricetus
auratus, various odours correspond to various parts of body. A
hamster which has previously interacted with another individual
will treat all the odours from various parts of the body as belonging
to that individual. However, a naı ¨ve hamster will associate each
odour with a different individual [3]. Individual recognition is
equivalent to a particular form of categorization phenomenon [4].
One individual constitutes a category in itself that includes all the
different features of this distinct individual. Individual recognition
might play an important role in social life, as animals which
recognize the identity of a group member also recognize its
species, its gender, its kinship, and its social status. Individual
recognition has been demonstrated in invertebrates, in reptiles, in
birds, in fishes, and in mammals (e.g. [5–9] respectively). Although
individual recognition might be based on several sensory
modalities in several species, animals might be able to recognize
a congener using only one sensory modality. For example,
emperor penguins, Aptenodytes forsteri, are similar morphologically
but have a vocal signature that allows individual recognition [10].
The capacity of visual individual recognition has been studied in
many invertebrate as well as vertebrate species (for reviews:
[1,11]). Among invertebrates, Tibbetts [12] demonstrated that
wasps visually recognized an individual using head patterns. More
recently, Van der Velden et al. [13] showed that crayfish can
recognize an individual previously met during a fight and that this
recognition was based on facial width or other facial features. In
various vertebrate species, face recognition is the process the most
commonly used to achieve visual individual recognition. Exper-
imental studies in birds, sheep or primates (for review: [11]) used
2-D photographs of faces as stimuli. Visual individual recognition
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were trained to discriminate slides of conspecifics and were then
presented with novel slides of the same conspecifics in transfer
tests. For example, Parr et al. [14] showed that rhesus monkeys
and chimpanzees recognize unfamiliar individuals using facial cues
from digitized static images.
Electrophysiological studies provided additional indirect evi-
dence of individual recognition. Thus in macaques and sheep,
neuronal circuits in the temporal cortex responded preferentially
to faces in contrast to other visual stimuli (e.g. [15,16] respectively).
In the brain of sheep, separate face sensitive populations of cells
are either view-dependant or view-independent [17]. View-
dependent cells are used primarily in accurate and rapid
identification of faces. View-independent cells are implied in
recognition processes. In sheep, Peirce et al. found a right brain
hemisphere advantage in the recognition of familiar faces of
conspecifics [18] but not in the recognition of human faces [19].
When using 2D-images, to assert a genuine capacity for
individual visual recognition rather than pattern recognition, the
stimuli should include both representations of unfamiliar individuals
and those of familiar conspecifics living in the group of the subjects
[4]. Stable relationships between social group members have likely
facilitated individual visual recognition. If this facilitation exists we
can assume that subjects treat the slides as representations of real
animals [4]. Dasser [20] recorded the responses of two female long-
tailed macaques and showed that these females recognized novel
pictures (in transfer test) only if the pictures represented familiar
group members. In sheep, Kendrick [21] showed that social
familiarityimprovedthe animals’abilitytodiscriminatebetweenthe
faces (frontal and profile views) of individuals from a familiar breed.
Moreover Ryan and Lea [22] showed that hens, in a transfer test,
performed better when they were presented with novel slides of
familiar rather than unfamiliar hens.
So it seems that for social species it is easier to recognize familiar
rather than unfamiliar faces. However, there are few studies
evaluating the capacity of categorization of various representations
of an individual within the context of visual individual recognition
[4] which would require discrimination of individuals within the
set of familiar individuals.
Cattle (Bos taurus) is a good candidate species for addressing
these questions.
Bos taurus is as a domestic species which allows the testing of
several subjects (with Prim’Holstein, the dairy breed the most
represented). In addition, cattle provide a great intra and inter-
breed variety of coat characteristics (colour and patterns) and
morphological diversity. Hence cattle are a good model for
studying individual visual recognition. In addition cattle have good
capacities of visual discrimination and they are able to discrim-
inate between live familiar conspecifics [23]. Also we previously
showed that cattle can visually discriminate 2D-images of their
own species from other domestic species [24]. There is clear
evidence that cattle can use vision to recognize other cattle [25–
28] but direct behavioural evidence that cattle can visually
recognize other cattle is still lacking. The aim of this study was to
evaluate visual individual recognition capacities in cattle. Re-
sponses were obtained through an instrumental conditioning using
images of faces of individuals as discriminative stimuli with food as
positive reward. Individual recognition would be assumed by
asking: do subjects treat different face views of the same stimulus
animal as equivalent and is there a difference of performance
depending on the various orientations of the face? In Experiment
1, all images represented familiar cows (belonging to the same
social group) from Prim’Holstein breed (PH). In Experiments 2, 3
and 4, images were from unfamiliar (unknown) individuals either
from the same breed or other breeds (Normande N and Charolaise
CH breeds). These breeds are respectively characterized by similar
coat patterns as PH subjects but with a different colour (brown N
instead of black PH) or a uniform white coat colour without any
spotted pattern (CH). In the present study all heifers recognized
familiar and unfamiliar individuals from their own breed. In
addition almost all subjects recognized unknown individuals from
different breeds, however with greater difficulty.
Results
Eight PH heifers were tested with an instrumental conditioning
with food reward. They were individually introduced into a test
pen which included a central lane made of rows of straw bundle. A
guillotine gate ended the central lane from which position heifers
could see a pair of stimuli. When the subject had observed both
stimuli, the experimenter lifted the gate. Then the heifer walked to
the chosen image and accessed a reward placed behind an opaque
panel (the test pen and procedures were described in more details
in [24]). A test session included ten consecutive trials. Stimuli were
photographs of head of heifers under various angles (frontal,
profile, L front views, L back views and mirror views, Figure 1)
on the same yellowish background. In the training phase, the same
pair of stimuli was used in each trial. This pair was composed of a
front view of the heifer to identify (=sample individual) with a
front view of another heifer (Figure 1). The subject had to choose
the image of the other heifer to access to the reward. In
generalization test, we used new photographs of the sample heifers
and of other heifers, and the pair of stimuli was changed on each
trial (Figure 2). The subject always had to choose the image of the
other heifer to be rewarded. The criterion of success was for the
heifer to make at least 8 correct choices per session in two
consecutive sessions of 10 trials. The eight heifers were tested in
four different experiments each of which made of a training phase
and a generalization test. In the first experiment, we used images
of familiar Prim’Holstein (FPH) heifers, in the second experiment
images of unfamiliar Prim’Holstein (UPH) heifers, in the third
experiment images of unfamiliar Normande (N) heifers and in the
fourth experiment images of unfamiliar Charolaise (CH) heifers.
Experiments 1 (FPH) and 2 (UPH), on the one hand, and
experiments 3 (N) and 4 (CH), on the other hand, were paired. In
each pair of experiments, half of the subjects were assigned to one
experiment to start with (1 or 2 and 3 or 4). This procedure was
intended to avoid a ‘‘carry-over’’ effect.
Performances in experiments of individual recognition
In all experiments, whatever the sample individual (conditions:
FPH, UPH, N, CH), all eight subjects successfully reached the
criterion in the training phases. In generalization tests, all subjects
recognized a familiar as well as an unfamiliar PH individual and
an unfamiliar N individual (Figures 3, 4, 5). In addition all heifer
subjects, except one recognized the unfamiliar CH cow from the
other unfamiliar CH ones (Figures 4, 5).
Comparison between training and generalization test
In the recognition task of a PH cow, performances of subjects
during the generalization test did not differ from those of the
training tests (Z=0,N=8, NS and Z=1.36, N=8, NS, Figure 3).
For the first two sessions of the generalization test and for each
subject, the number of errors was lower than expected by chance,
between 0 and 7 errors across the 20 trials. However the ability to
show recognition of the unfamiliar individual (breeds N and CH)
tested against other (N and CH) unfamiliar individuals required
significantly more trials during the generalization phase than during
Visual Individual Recognition
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P=0.036, Figure 5). Moreover in experiments 3 (N), and 4 (CH),
two and one subjects respectively performed more errors than
expected bychanceinthefirsttwo sessionsofthe generalizationtest.
Is it easier for a heifer to recognize a group mate than an
unknown individual?
In the first experiment stimuli, referred as to ‘‘familiar’’,
featured individuals were group mates of the subjects. In the
second experiment all stimuli displayed individuals of the same
breed that were unknown to the subjects (‘‘unfamiliar’’). On
average, subjects reached criterion sooner when recognizing a
familiar PH individual than when recognizing an unfamiliar one
(FPH vs. UPH; Generalization tests: Exp 1 vs. Exp 2; Z=1.99,
N=8,P=0.046, Figure 3). Training performances were similar.
Is it easier for PH heifers to recognize an unknown
individual with a spotted coat (similar to their own coat;
UPH vs. N) than an unknown individual with a uniform
white coat (different from that of the subjects; UPH vs.
CH)?
During the training phase, the discrimination of two unfamiliar
individuals did not differ whatever their coat was similar or
different to that of the subjects (UPH vs. N; Z=1.6, N=8, NS and
UPH vs. CH; Z=0.18, N=8, NS, Figure 5).
During the generalization phase, heifers had more difficulties
recognizing unfamiliar individuals with a uniform coat (CH) than
others unfamiliar heifers of their own breed (CH vs. UPH;
Generalization tests: Exp 2 vs. Exp 4; Z=2.37, N=8,P=0.018,
Figure 5). In contrast recognizing an unfamiliar N individual
(spotted coat) was as easy as recognizing an unfamiliar PH (N vs.
UPH; Generalization tests: Exp 2 vs. Exp 3; Z=1.52, N=8, NS,
Figure 5).
Temporal variables
The previous results dealt only with successes in choosing the
rewarded stimulus. However temporal variables of subjects during
each trial were also recorded: the ‘‘Time to the Gate’’ (TG, the
time spent to get to the guillotine gate) and the time elapsed from
the lifting of the gate to the arrival at the selected image. This
latter time variable seemed to be a potentially good measure of the
difficulty of heifers in making their choices, but the means
remained similar in our experiments. However TG, which seemed
to be a good measure of how motivated the heifers were to carry
out a trial, was greater when subjects were presented with two CH
stimuli (uniform white coat) than when presented with two PH
Figure 1. Example of stimuli used in the experiment of the recognition of a familiar Prim’Holstein individual. Ten views represented the
sample individuals (A) and ten views represented three other individuals (B). In training, a frontal view of a face (the first line of the figure) of the
sample individual (A) had to be discriminated from a frontal view of an individual in the group (B). In generalization test, for each trial, an image of the
sample individual (A) and an image of a cow from the group (B) were randomly selected and presented simultaneously. For the second experiment,
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Generalization tests: TGUPH vs. TGCH; Z=2.52, N=8,P=0.012,
Table 1).
Is the recognition process affected by the orientation of
the face?
For each experiment and possible pair of view angle of stimuli,
we calculated the error rate (ER). The ER did not vary with the
angle view of the sample individual (F4,464=1.38, NS) but changed
differentially with the view angle of the two stimuli in the four
experiments. These differences arose from the nature of the stimuli
(FPH, UPH, N and CH) interacting with the different view angles
(General linear model ANOVA: experiment6view angle of sample
individual6view angle of others individuals: F36,464=1.58;
P=0.02). However, the ER did not differ whether the view angles
of the stimuli were the same or different (ERsame=0.2560.03 vs.
ERdifferent=0.2460.02, U=340, N1=16, N2=47, NS).
Discussion
These results demonstrated efficient visual individual recogni-
tion in cattle achieved using 2D-images. Heifers treated equiva-
lently all views of the head of one individual whether or not they
had previously interacted with it. However social familiarity
improved their performance. This confirms that cattle treated the
2D images as genuine representations of conspecifics and not as an
arbitrary visual object. The more different the coat pattern was,
compared to that of the subject, the more difficult was the
recognition.
Subjects, trained to discriminate frontal views of two individ-
uals, can recognize new views of the individual to be recognized
compared to other individuals. This capacity was also demon-
strated with unknown individuals and with individuals with a
different coat colour or pattern, without prior interaction with the
individuals to be recognized. Our results extend the cognitive
capacities in cattle that we previously demonstrated for visual
discrimination of species [24]. The cognitive capacities of visual
individual recognition in cattle match those shown in other species
like birds [22,29], sheep [21], macaques [20], rhesus monkeys and
chimpanzees [14]. Contrary to studies in other species, we used
five different view angles (frontal view, profile views, L front
Figure 2. Individual recognition of a familiar Prim’Holstein cow.
Example of the pairs of stimuli presented in consecutive trials of the
generalization test. The stimulus rewarded is framed in red.
doi:10.1371/journal.pone.0004441.g002
Figure 3. Individual recognition of a familiar versus an unfamiliar conspecific. Number of sessions (Mean+SE) to reach the criterion level
during the training and the generalization phases in experiments 1 (familiar Prim’Holstein) and 2 (unfamiliar Prim’Holstein) (N=9, *=P,0.05).
doi:10.1371/journal.pone.0004441.g003
Visual Individual Recognition
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recognized combined with both right and left orientations, so a
total of ten different orientations. In spotted breeds like
Prim’Holstein or Normande cows, the right side is different from the
left side. In sheep, Kendrick [30] showed that facial discrimination
occurred with two face orientations (frontal and profile views).
Ferreira et al. [31] showed, in the same species, that the learned
discrimination of the profile views of a pair of unfamiliar adult
faces did not improve subsequent discrimination of frontal views of
the same pair. In our study heifers grouped all the different views
of the same individual into a similar category. According to Zayan
and Vauclair [4], these results may indicate that the polymorphous
set of each known individual’s features becomes mentally
represented as a single natural category, comprising the morpho-
logical properties unique to each animal. However our results
could also be interpreted as referring to a process of mental
rotation of images. Based on this hypothesis, we may expect that
the performance recorded in the generalization test (exp. 1 and 2)
would be similar in the recognition of familiar and unfamiliar
individuals. This prediction was not verified, indicating that a true
social recognition occurs rather than a simple mental rotation
process. The capacity of individual recognition extends to
Figure 4. Performance of heifers during the generalization tests of the four experiments. Subjects recognized a familiar Prim’Holstein
individual (experiment 1), an unfamiliar Prim’Holstein individual (experiment 2), an unfamiliar Normande individual (experiment 3) and an unfamiliar
Charolaise individual (experiment 4). The minimum number of sessions to validate the criterion level (8/10 in two consecutive sessions) is indicated
with a dotted line and the maximum number of sessions realized in an experiment (25 sessions) with a continuous line. One session corresponds to
10 consecutive trials. Along the x axis, subjects (Ind. 1 to Ind. 8) are sorted according to decreasing age (oldest to youngest).
doi:10.1371/journal.pone.0004441.g004
Figure 5. Individual recognition of an unfamiliar individual of the same Prim’Holstein breed and of other breeds. Number of sessions
(Mean+S.E.) to reach the criterion level during the training and the generalization phases for the experiments 2 (Prim’Holstein breed), 3 (Normande
breed) and 4 (Charolaise breed) (N=9, *=P,0.05, **=P,0.01).
doi:10.1371/journal.pone.0004441.g005
Visual Individual Recognition
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integrated representation of each conspecific built up from the set
of specific features of an individual. Consequently cows might very
rapidly be able to recognize new social partners.
The recognition process of a familiar individual was rather
straightforward. This suggests that whatever a partner’s physical
orientation, a cow is able to maintain its partner’s identification
process. This is in line with the stability of herds of cattle [27]. The
heifers recognized more easily a familiar individual than an
unfamiliar one. Individual recognition was very likely facilitated by
information acquired through recurrent social interactions within
the group. In sheep, Kendrick et al. [21] showed that faces of
socially familiar animals enhanced significantly the speed of
learning the recognition task and in macaques, Dasser [20]
demonstrated that the animals correctly matched facial views with
novel slides of other body parts of the same animal only if that
animal was a familiar group member. Kendrick et al. [32] showed
also that there was a progressive increase in the number of cells in
the brain which selectively encoded faces of members becoming
familiar. Domestic cocks [33] and hens [22] recognized a familiar
individual as easily as an unfamiliar one. These animals can
discriminate the individuals as distinct categories but not
necessarily as individual conspecifics. The fact that heifers had
more difficulty to recognize unfamiliar individuals than familiar
ones suggests that they likely consider 2D-images of conspecifics as
genuine representations of live animals as Zayan and Vauclair
asserted [4]. This assumption is supported by emotional responses
observed during trials. Our subjects held their ears backward ten
times more when processing images of unfamiliar individuals than
when processing stimuli from familiar individuals. Ear postures
were shown to be emotional cues in several mammalian species
(horse [34], sheep (De ´sire ´, 2006, unpublished data), dog [35] or
wild canids [36]) while a backward position indicating a ‘‘negative
anticipation’’[37]. In addition, a short time spent to get to the
guillotine gate could be interpreted as the high motivation of the
heifers. Our subjects spent more time to go to the gate when
processing recognition task of unfamiliar Charolaise images. These
stimuli proved to be the most difficult to process by our subjects
and lead to the greatest level of frustration (no reward). Therefore
success rates, ear postures and readiness to perform the task all
concur to confirm that our subjects were treating images as
representations of live conspecifics.
We showed that the capacity of visual recognition of an
unfamiliar individual could be extended even to individuals from a
different breed with a different coat pattern. The heifers
recognized individuals from Normande and Charolaise breeds, but
this recognition was more difficult. Based on the reduced number
of errors in the first sessions we can consider that a real
generalization process was involved in the recognition of a cow
of the same breed. In the recognition of a Normande or a Charolaise
cow our results suggest a different mechanism. The lowest
performances, compared to the previous ones, could be interpret-
ed by the necessity to learn the different images corresponding to a
particular individual. Whereas all heifers succeed in recognizing a
Normande individual, the coat of which presenting some similarity
to their own coat (spotted coat), with only one subject failing to
reach the recognition criterion (after 250 trials) when presented
with a Charolaise individual, the coat of which being of a uniform
white colour, with no spots whatsoever. As it has been described in
goats for mother recognition by kids [38], in cows it seems likely
that coat markings or spots are important features for the
recognition process. When chickens from different breeds interact,
it seems that they performed breed rather than individual
recognition [39]. In contrast, cows are able to perform individual
recognition independently of the breed to which individuals
belong. However subjects seemed disoriented when they had to
base their recognition on features different from those they
previously relied on. A same effect has been shown in humans who
have more difficulties in recognizing dissimilar individual faces
from different ethnic groups [40].
In our study the error rate changed accordingly when two
stimuli in the discrimination task were under different orientations,
and this effect was based on the breeds shown in the stimuli.
However the error rate did not vary with the angle view of the
sample individual. Our results are in agreement with those of Sato
and Yoshikawa [26], who showed that their two cow subjects
attended the same amount of time to the frontal, profile and back
views of a cow stimulus. These results contrast with those of Bruce
et al. [41] who showed, in humans, that the recognition of an
unfamiliar individual was the easiest with L frontal views and the
most difficult with profile views. Perhaps, other features like
attributes of faces (e.g. eyes, internal or external features) can have
an influence on the performances in individual recognition.
Configural cues are important in chimpanzee face processing
[42] and Parr et al. [14] showed that the eyes were the most
important cues for individual recognition in chimpanzees and
macaques. In sheep Peirce et al. [18] showed that only familiar
faces could be recognized using the internal features alone.
External features could be used to identify both familiar and
unfamiliar faces. Key facial features like ear position and
appearance of the eyes were used for processing recognition of
emotions in sheep [17]. Peirce and Kendrick [43] suggested that
nerve cells in the right hemisphere may play a key role in the rapid
identification of facial identity. Cells in the left hemisphere may be
more specifically involved in slower processes associated with facial
emotion recognition. Face-based emotion recognition was shown
also in chimpanzees [44,45] depending on several key features
such as the shape of eyes or mouth. The sustained rather high rates
of success in our experimental heifers suggest that social stimuli
presented as 2D-images were appropriate stimuli facilitating
picture recognition [11].
In conclusion we have demonstrated that cows are capable of
visual individual recognition in discriminating within a similar
category different views of one individual. This especially applies
to familiar individuals, though this capacity also extends to
unfamiliar individuals from the same or different breeds as the
subjects. However the individual recognition task proved to be the
most difficult when the visual features of the breed being tested
Table 1. Influence of categories of stimuli on the time
subjects spent reach the gate from the back of the
experimental room (Time to the Gate, TG).
TIME TO THE GATE
(TG, sec)
Familiar Prim’Holstein Training 2.3860.12
Generalization test 2.3360.11
Unfamiliar Prim’Holstein Training 2.3660.24
Generalization test 2.3560.16
Unfamiliar Normande Training 2.7960.15
Generalization test 2.9160.15








Eight Prim’Holstein heifers participated in this study. They were
produced by artificial insemination. All were born at the UCEA
INRA experimental farm in Bressonvilliers (France). The subjects
ranged from nine to 14 months of age and weighed a mean of
277613 kg at the beginning of the study. All animals were housed
in the same nursery in individual box stalls in similar conditions
from birth until 6 months of age. Afterwards they were grouped
together in the same loose housing system (11618 m) with 16
other heifers. These latter heifers were age matched to the
subjects. All animals had free access to water. They were fed the
same standard diet (grass silage, hay, corn straw and mineral). All
subjects had been extensively trained in the discrimination
procedure for several months. All animals lived under natural
and/or artificial light according to the season. In the latter case
light was on between 6:00 and 19:00. Each cow was identified with
an I.D. number printed on two ear tags.
Procedure
Stimuli. The stimuli consisted of 80 prints (42650 cm) of
digitised colour pictures with 20 prints of four Prim’Holstein heifers
socially familiar to the subjects, 20 prints of four Prim’Holstein
heifers unfamiliar to the subjects, 20 prints of four Normande
unfamiliar heifers and 20 prints of four Charolaise unfamiliar
heifers. Each set of 20 prints was utilized in one experiment (FPH,
UPH, N or CH) and represented faces of heifers from different
view angles (frontal views, right and left profile views, right and left
L frontal views, right and left L back views and mirror frontal
views). In each experiment, the 20 views consisted of 10 different
views of the same individual to be recognized (sample individual)
and 10 views of three other individuals (Figure 1). In each
category, the 10 stimuli were sorted randomly from a larger set of
stimuli. All the stimuli were presented at approximately the natural
size of the head of a cow. The original background of all pictures
was replaced by the same uniform background, a yellow colour
mimicking that of straw (D2C48A background, Adobe Photoshop
Elements ).
Apparatus. The paradigm was based on a simultaneous
discrimination of S+ and S2 stimuli. Responses were obtained by
means of instrumental conditioning using positive food rewards.
The instrumental conditioning apparatus was placed in a test pen
(6611 m) adjacent to the free stall where the group of subjects
lived. Subjects were tested individually while remaining in
auditory contact with their group members of the adjacent free
stall. The instrumental conditioning and test pen were the same as
described in Coulon et al. [24]. In the test pen, the subject walked
to a guillotine gate at the end of a lane made between rows of
straw bundles. From the gate the heifer could see the two images
placed at its eye level. For each pair of stimuli, one stimulus was
consistently associated with a reward, S+. After the heifer has
looked at both stimuli, the experimenter lifted the gate from
behind the subject. In every case the experimenter waited at least
5 sec after that the heifer arrived at the guillotine gate before
lifting it. The heifer could then walk towards the chosen image. On
the correct side (S+ side), the opaque panel could be pushed by the
subject to get access to the reward. On the incorrect side (S2 side),
the panel was blocked. To avoid any olfactory bias a reward was
always placed behind each panel. The left/right position of the
rewarded stimulus was randomly balanced across trials.
Protocol. The instrumental conditioning procedures were
similar to those described by Coulon et al. [24]. Each session
consisted of 10 trials. For each subject, two successive sessions were
completed in the morning (between 8:00 and 12:00). At least
48 hours elapsed between each block of two sessions. Before being
tested in these experiments, the heifers went through a phase of
habituation to the apparatus and had participated in experiments
using the same device. Each experiment included a training test
and a generalization test.
Training. One photograph, a frontal view of the head of the
individual to be recognized, S2, and one photograph in frontal
view of a different individual, S+, were used (Figure 1). Each
session consisted of 10 trials with the same pair of stimuli. The
criterion for success in the training phase was at least 8 correct
choices per session in two consecutive sessions of 10 trials each
(P=0.01).
Generalization test. Eighteen new stimuli were introduced
in generalization test sets, therefore all 20 stimuli were used
(Figure 1). The pair of stimuli - one picture of the individual to
recognize (S2) in a specific view angle and one photograph of
another individual (S+) in the same view or in another view - was
changed at each trial (Figure 2). The pair of stimuli was drawn
randomly from the entire set of 100 pairs. The same stimulus was
not presented in more than three consecutive trials. Each session
consisted of 10 trials and the heifer had to avoid choosing the
image of the individual to be recognized to make a correct choice
and to receive a reward (Figure 2). The criterion of success in the
generalization phase of experiment 1 was the same as the training
phase.
Control trials. Parallel studies were completed to control
that there was not effect of the experimenter and the relevance of
stimuli. First studies showed that the subjects chose the image that
they observed the most and not the last stimuli looked at before the
gate was lifted. It was clear that the experimenter did not influence
the choice of heifers. In another parallel control study, we had
presented images of faces upside-down or faces in which only the
eyes and the nose were visible. In both cases, the performances did
not differ from chance and the error rates of subjects were 50%.
These results showed a contrast to the relevance of our
experimental stimuli (normal head images).
Temporal variables
For each trial of each experiment, we determined from the
video recording the ‘‘Time to the Gate’’ (TG, the time spent to get
to the guillotine gate, in seconds) and the time elapsed from the
lifting of the gate to the arrival at the chosen image.
Error rates of view angle of stimulus face
For each subject, experiment and possible pair of view angle of
stimuli, we calculated the error rate (ER=the number of errors
divided by the number of errors plus the number of successes).
Data Analysis
The primary variable was the number of sessions needed to
reach the criterion. Due to small sample size and non-normally
distributed data only non-parametric statistics were used. The
Wilcoxon Signed-ranks test, Z statistic, was used to compare
between experiments (1 versus 2, 2 versus 3 and 2 versus 4) for
both the number of sessions to criterion and the two time
variables. A general linear model ANOVA was used to analyse the
influence of the experiment, the orientation of the face of the
sample individual and that of the other individual on the error
rate. We compared the error rate whether the orientations of the
faces were the same or different using a Man Whitney U test. A
Visual Individual Recognition
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P.0.05). All means were presented with their standard errors
(mean6SE). All analyses were performed with the statistical
package StatisticaH.
Ethical Note
Animal care and all procedures were completed in accordance
with the authorization B91 332 101 and 93-031 of the French
Ministry of Agriculture and the EU directive. The protocol,
registered as ‘‘protocol 06-002’’, was approved by the Regional
Ethical Committee of Paris-Sud.
Acknowledgments
We thank UCEA and the staff of the experimental farm INRA-
Bressonvilliers, especially Laurent Delatouche and Christophe Richard
for providing special care to the animals. Thanks to Syrina Al Aı ¨n and
Rachel Charra for their help in videotapes analyses. We thank Professors
Charles T. Snowdon and Herve ´ Abdi for their comments and multiple
careful editing on the manuscript.
Author Contributions
Conceived and designed the experiments: MC BLD YH CB. Performed
the experiments: MC BLD YH CB. Analyzed the data: MC BLD YH CB.
Contributed reagents/materials/analysis tools: MC BLD YH CB. Wrote
the paper: MC BLD YH CB.
References
1. Tibbets EA, Dale J (2007) Individual recognition: it is good to be different.
Trends Ecol Evol 22: 529–537.
2. Zayan R (1994) Mental representations in the recognition of conspecific
individual. Behav Process 33: 233–246.
3. Johnston RE, Bullock TA (2001) Individual recognition by use of odours in
golden hamsters: the nature of individual representations. Anim Behav 61:
545–557.
4. Zayan R, Vauclair J (1998) Categories as paradigms for comparative cognition.
Behav Process 42: 87–99.
5. Karavanich C, Atema J (1998) Individual recognition and memory in lobster
dominance. Anim Behav 56: 1553–1560.
6. Olsson M (1994) Rival recognition affects male context behaviour in sand lizards
(Lacerta agilis). Behav Ecol Sociobiol 35: 249–252.
7. Lambrechts M, Dhondt AA (1995) Individual voice discrimination in birds. In:
Power DM, ed. Current Ornithology. New York: Plenum. pp 115–139.
8. Ho ¨jesjo ¨ J, Johnsson JI, Petersson E, Ja ¨rvi T (1998) The importance of being
familiar: individual recognition and social behaviour in sea trout (Salmo trutta).
Behav Ecol 9: 445–451.
9. Halpin Z (1980) Individual odors and individual recognition: review and
commentary. Biol of Behav 5: 233–248.
10. Aubin T, Jouventin P, Hildebrand C (2000) Penguins use the two-voice theory to
recognise each other. P R Soc Lond B 267: 1081–1087.
11. Bovet D, Vauclair J (2000) Picture recognition in animals and humans. Behav
Brain Res 109: 143–165.
12. Tibbetts EA (2002) Visual signals of individual identity in the wasp Polistes
fuscatus. P R Soc Lond B 269: 1423–1428.
13. Van der Velden J, Zheng Y, Patullo BW, Macmillan DL (2008) Crayfish
Recognize the Faces of Fight Opponents. PLoS ONE 3: e1695. doi:10.1371/
journal.pone.0001695.
14. Parr LA, Winslow JT, Hopkins WD, de Waal FBM (2000) Recognizing facial
cues: individual discrimination by chimpanzees (Pan troglodytes) and rhesus
monkeys (Macaca mulatta). J Comp Psychol 114: 47–60.
15. Perrett DI, Smith PAJ, Mistlin AJ, Chitty AJ, Head AS, et al. (1988) Visual
analysis of body movement by neurons in the temporal cortex of the macaque
monkey: a preliminary report. Behav Brain Res 16: 153–170.
16. Kendrick KM (1991) How the sheep’s brain controls the visual recognition of
animals and humans. J Anim Sci 69: 5008–5016.
17. Tate AJ, Fischer H, Leigh AE, Kendrick KM (2006) Behavioural and
neurophysiological evidence for face identity and face emotion processing in
animals. Phil Trans R Soc B 361: 2155–2172.
18. Peirce JW, Leigh AE, Kendrick KM (2000) Configurational coding, familiarity
and the right hemisphere advantage for face recognition in sheep. Neuropsy-
chologia 38: 475–483.
19. Peirce JW, Leigh AE, da Costa APC, Kendrick KM (2001) Human face
recognition in sheep: lack of configurational coding and right hemisphere
advantage. Behav Process 55: 13–26.
20. Dasser V (1987) Slides of group members as representations of real animals
(Macaca fascicularis). Ethology 76: 65–73.
21. Kendrick KM, Atkins K, Hinton MR, Heavens P, Keverne B (1996) Are faces
special for sheep? Evidence from facial and object discrimination learning tests
showing effects of inversion and social familiarity. Behav Process 38: 19–35.
22. Ryan ME, Lea EG (1994) Images of conspecifics as categories to be
discriminated by pigeons and chickens: slides, video tapes, stuffed birds and
live birds. Behav Process 33: 155–175.
23. Hagen K, Broom DM (2003) Cattle discriminate between individual familiar
herd members in a learning experiment. Appl Anim Behav Sci 82: 13–28.
24. Coulon M, Deputte BL, Heyman Y, Richard C, Delatouche L, et al. (2007)
Visual Discrimination by Heifers (Bos taurus) of their own Species. J Comp
Psychol 121: 198–204.
25. Cummins KA (1991) Olfactory and visual cues. Individual recognition and social
aggression in lactating cows. J Dairy Sci 74: 301.
26. Sato S, Yoshikawa C (1996) Estimation of cognition pattern of cattle by the
visual attention to photograph and movie images. Animal Sci Technol 67:
36–42.
27. Bouissou MF (1965) Observation sur la hie ´rarchie sociale chez les bovins
domestiques. Ann Biol Anim Bioch 5: 327–339.
28. Bouissou MF (1972) Influence of body weight and presence of horns on social
rank in domestic cattle. Anim Behav 20: 474–477.
29. Watanabe S, Ito Y (1991) Discrimination of individual in pigeons. Bird Behav 9:
20–29.
30. Kendrick KM, Atkins K, Hinton MR, Broad KD, Fabre-Nys C (1995) Facial
and vocal discrimination in sheep. Anim Behav 49: 1665–1676.
31. Ferreira G, Keller M, Saint-Dizier H, Perrin G, Le ´vy F (2004) Transfer between
views of conspecific faces at different ages or in different orientations by sheep.
Behav Process 67: 491–499.
32. Kendrick KM, da Costa AP, Leigh AE, Hinton MR, Peirce JW (2001) Sheep
don’t forget a face. Nature 414: 165–166.
33. Ryan CME (1982) Concept formation and individual recognition in the
domestic chicken (Gallus gallus). Behav Anim Lett 2: 213–220.
34. Waring GH (2003) Horse behaviour. Norwich NY: Noyes Publications. 375 p.
35. Houpt KA (2005) Domestic animal behavior for veterinarians and animal
scientists. Oxford: Blackwell. 509 p.
36. Fox MW (1975) The wild canids. Their systematics, behavioural ecology and
evolution. London: Litton educational publishing inc. 508 p.
37. Moe RO, Bakken M, Kittilsen S, Kingsley-Smith H, Spruijt BM (2006) A note
on reward-related behaviour and emotional expressions in farmed silver foxes
(Vulpes vulpes)_Basis for a novel tool to study animal welfare. App Anim Behav Sci
101: 362–368.
38. Ruiz M (1993) Use of pelage pigmentation in the recognition of mothers. App
Anim Behav Sci 36: 317–326.
39. Hale EB (1956) Breed recognition in the social interactions of domestic fowl.
Behaviour 10: 240–254.
40. O’Toole AJ, Deffenbacher KA, Valentin D, Abdi H (1994) Structural aspect of
face recognition and the other race effect. Mem Cognition 22: 208–224.
41. Bruce V, Valentine T, Baddeley A (1986) The basis of the L view advantage in
face recognition. Appl Cognitive Psych 1: 109–120.
42. Parr LA, Heintz M, Akamagwuna U (2006) Three studies on configural face
processing by chimpanzees. Brain Cognition 62: 30–42.
43. Peirce JW, Kendrick KM (2002) Functional asymmetry in sheep temporal
cortex. NeuroReport 13: 2395–2399.
44. Parr LA, Hopkins WD, de Waal FBM (1998) The perception of facial
expressions in chimpanzees (Pan troglodytes). Evol Commun 2: 1–23.
45. Parr LA, Waller BM, Heintz M (2008) Facial expression categorization by
chimpanzees using standardized stimuli. Emotion 8: 216–231.
Visual Individual Recognition
PLoS ONE | www.plosone.org 8 February 2009 | Volume 4 | Issue 2 | e4441